A series of 35 isolates of Candida glabrata from 29 subjects (five AIDS patients and 24 HIV-seronegative individuals) was typed by electrophoretic karyotyping (EK), restriction fragment length polymorphism (RFLP) analysis, random amplification of polymorphic DNA (RAPD) and inter-repeat PCR (IR-PCR). The rank order of discriminatory ability among the four methods was as follows: EK (25 DNA types) > RAPD (19 DNA types) > IR-PCR (14 DNA types) > RFLP (4 DNA types). A composite DNA type was defined for each of the strains as the combination of types obtained by the four molecular methods. A total of 32 DNA types was obtained by this procedure; each individual harboured their own specific isolate (DNA type). Neither source of isolation nor HIV status was associated with a given DNA type. In three of five cases, initial and relapse isolates from individual patients were assigned to the same DNA type. These findings indicate that EK is the most useful method for the investigation of inter-strain variations within this Candida species.
Introduction
Although Candida albicans remains the most common causative agent of both superficial and systemic fungal infections, the emergence of yeast species other than C. albicans has been documented recently [l] . C. glabrata is an emerging nosocomial pathogen that may be relatively resistant to fluconazole and other azole drugs [2] . Systemic infections due to C. glabrata are characterised by a high mortality rate [3] .
At the present time it is very difficult to achieve a precise understanding of the epidemiology of C. glabrata infections because of the lack of a rapid, sensitive and reproducible system for evaluating strain differences or relatedness. Following the introduction of molecular typing approaches, several DNA typing methods have been investigated to delineate strain relatedness in C. albicans, including electrophoretic karyotyping (EK), restriction fragment length polymorphism (RFLP) analysis, Southern blotting with various repeat sequence probes such as 27A or Ca3, and PCR-based techniques such as randomly amplified polymorphic DNA (RAPD) or inter-repeat PCR (IR-PCR) [4-91. Although these methodologies have greatly enhanced knowledge about the epidemiology of C. albicans, few authors tested these techniques with C. glabrata [2, 10-131. This study compared four methods for DNA typing of clinical isolates of C. glabrata.
Materials and methods

Sources of isolates
Thirty-five isolates of C. glabrata from 29 subjects were evaluated. Sites of isolation were: vagina (12), urine (10) respiratory tract (7), oral swab ( 5 ) and oesophageal biopsy (1). Twenty-four isolates were from HIV-seronegative patients, nine were from five AIDS patients (Table 1) . Identification at species level was performed by morphological (negative germ-tube formation in serum) and biochemical methods (API 20C AUX, bioMerieux, Marcy l'Etoile, France). C. glabrata ATCC 90030 was used as the control strain for each typing method. Yeasts were stored in glycerine 10% and frozen at -70°C until use.
Extraction of DNA
For EK, plugs containing yeast chromosomal DNA were prepared as described previously [ 141. For RFLP, RAPD and IR-PCR, yeast genomic DNAs were extracted as described by Scherer and Stevens [6] .
DNA typing methods EK. Chromosomes of C. glabrata were resolved with a contour-clamped homogeneous electric field system (CHEF DFUI, BioRad, Hercules, CA, USA) through Molecular Biology Certified Agarose (BioRad) 1% in 0.5 X TBE (0.45 M Tris, 0.44 M boric acid and 10 mM EDTA, pH 8.0) at 13°C. Electrophoresis was performed at 6 V/cm for 24 h during which the switch time was ramped from 60 to 120 s. Saccharornyces cerevisiae marker (BioRad) was used as DNA size standard.
RFLP Ten pl of each sample were digested to completion with EcoRI, BarnHI and HindIII (Boehringer Mannheim, Germany). Digests were electrophoresed through agarose 0.8% gels in 1 X TBE buffer at 30 V overnight. HindIII-digested phage 1 (BioRad) was used as size marker.
RAPD.
Each strain was fingerprinted with a pair-wise combination of primers: SOY, 5 '-AGGTCACTGA and RP 4/2, 5'-CACATGCTTC, as described by Lehmann et al. [4] . RAPD reaction mixtures consisted of 10 ng of genomic DNA, 1.0 nmol of each primer, 0.2 mM of each dNTP, 2.7 mM MgC12, 2.5 units of TaqDNA Polymerase (Promega, Madison, WI, USA) in a final volume of 50 pl of buffer provided by the manufacturer. The PCR was performed with a Thermolyne Temp-Tronic thermal cycler (Barnstead/Thermolyne, USA) as follows: 45 cycles of 1 min at 94"C, 1 min at 36°C and 2 rnin at 72°C with a final extension at 72°C for 10 min. Reaction products were resolved through agarose 2% gels in 0.5 X TBE buffer at 60 V for 6 h. A 2 ladder of 50-2000bp (BioRad) was used as DNA size marker.
IR-PCR.
Each strain was fingerprinted with the eukaryotic telomeric repeat-like primer TELO 1 : 5 '-TGGGTGTGTGGGTGTGTGGGTGTG, described by van Belkum et al. [9] . IR-PCR reaction mixtures were as described above with the exception of MgC12, which was used at a concentration of 2.5 mM, and of the primer, which was used at a concentration of 50 pmol. PCR conditions were as follows: 40 cycles of 1 rnin at 94"C, 2 rnin at 52°C and 3 rnin at 72°C. Electrophoresis conditions were similar to those described for RAPD.
Analysis of results
Ethidium bromide-stained gels were photographed under UV light. Before the computer-assisted analysis described below, patterns generated from the four DNA typing methods were compared by visual inspection. Patterns were considered identical if all bands matched exactly. EK, RFLP, RAPD and IR-PCR patterns were compared by the Molecular Analysts/PC Fingerprinting software (BioRad). All patterns were scanned into the instrument database with a Gel Doc 1000 scanner (BioRad) and were normalised by equating the molecular size markers. Band positions were automatically identified and Dice coefficients of similarity (number of shared bands X 2 X 100/total number of fragments in the two samples) were determined for each pair of strains compared, generating a matrix of similarity coefficients. Dendrograms based on the similarity coefficients were then generated by the unweighted pair-group method of average linkage (UPGMA) [ 
151.
Two given strains were placed into the same DNA type group when their coefficient of similarity was 290%; they were placed into different DNA type groups when their coefficient of similarity was <go%.
Results
EK
EK produced 26 distinct DNA types, A-Z (Fig. 1A) . CHEF revealed either 10 or 11 chromosomes that ranged in size from 450 kb to >2200 kb. Three-to-four chromosomes were seen in the region of 750-450 kb, five-to-seven chromosomes between 1600 and 945 kb, and one or two chromosomes in the high molecular size region of 31600 kb. Only one strain had one chromosome in the region of 825 kb (Fig. lA, lane 7 ) . Similarity coefficients ranged from 45.7 to 100% (Fig.  2 ). Seven DNA types (E, F, I, 0, P, Q and U) contained two or three isolates each. The remaining 18 clinical isolates were each assigned to a unique DNA type. The ATCC isolate also had its own pattern by CHEF. DNA type Q was isolated from patients 2 and 10, DNA type P from patients 8 and 29, DNA type F from patients 9 and 19, and DNA type E from patients 12, 18 and 20. Initial and relapse isolates from individual patients were assigned to the same DNA type with the exception of those from patient 1.
RFLP
In preliminary experiments with 14 isolates of C. glabrata. RFLP was performed with BamHI, HindIII and EcoRI as a single digest (data not shown). The latter enzyme was the most discriminative and, therefore, it was used throughout the study. RFLPs generated by EcoRI produced four groups (a-d), containing from 11 to eight isolates each. DNA patterns were characterised by two-to-four intensely staining bands in the size range c. 3.0-23.1 kb with fragments in the higher molecular mass region, which varied from strain to strain (Fig. 1 B) . Similarity coefficients ranged from 78.9 to 99.5% (Fig. 3) . Initial and relapse isolates from individual patients were assigned to the same DNA type in three of five cases (patients 2, 24 and 25), while sequential isolates from patients 1 and 4 were assigned to different DNA types.
RAPD
RAPD analysis revealed 2-10 bands ranging in the size range 30->2000 bp with one-to-three bands DNA TYPING OF C. GLABRATA between 900 and 1500 bp, one-to-three bands between Similarity coefficients ranged from 27.9 to 98.9%. 500 and 900 bp, one-to-two bands between 500 and Ten DNA types (3, 6, 7, 10, 12, 14, 15, 17, 18 and 19) 200 bp (Fig. 1C ). There were two bands of low contained two-to-five isolates each, while the remaining intensity in the low molecular size region of d 100 bp nine clinical isolates were each assigned to a unique in all isolates of C. glabrata. Only one isolate had one DNA type (Fig. 4) . The ATCC isolate was assigned to band in the region >2000 bp (Fig. lC, lane 4) type in two of five cases (patients 24 and 25), whereas sequential isolates from patients 1, 2 and 4 were assigned to different DNA types.
IR-PCR
IR-PCR analysis revealed 10-15 bands in the size range 200->2000 bp, with two-to-four bands in the region of 600-200 bp, four-to-seven bands between 1500 and 600 bp and one-to-six bands in the high molecular size region of a1500 bp (Fig. 1D) . IR-PCR produced 14 distinct DNA types, I-XIV (Fig. 5) . Similarity coefficients ranged from 49.3 to 99.1%. Five DNA types (111, IV, \I: VIII and XIV) contained 2-10 isolates each, while the remaining nine clinical isolates were each assigned to a unique DNA type. The ATCC isolate was assigned to DNA type VIII. Initial and relapse isolates from individual patients were assigned to the same DNA type in four of five cases (patients 1, 2, 24 and 25) while sequential isolates from patient 4 were assigned to different DNA types.
During the study, the reproducibility of both PCR methods was assessed by preparation of DNA from the same isolate and amplification on two different occasions. Although the bands produced were sometimes less intense, their presence (or absence) and overall position were highly consistent.
Combination of typing methods
Because there are no standard rules for interpreting the differences observed between DNA patterns produced by any of these molecular methods a composite DNA - Fig. 3 . Dendrogram generated from the Dice coefficients computed from the RFLP patterns for 35 clinical isolates of C. glabrata and the ATCC reference strain. The numbers refer to the patients as listed in Table 1 ; lower case letters indicate initial and relapse isolates from an individual patient.
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type was defined on the basis of the combination of types obtained by the four methods (Table 1) . Overall, combination of the four typing methods yielded 33 different DNA types among the 35 clinical isolates of C. glabrata. Every individual harboured their own specific isolate (DNA type). Neither source of isolation nor HIV status was associated with a given DNA type. In two of five individuals with multiple isolations over time, infections were due to the persistence of the same DNA type (patients 24 and 25). In patients 1 and 4, three of four methods revealed the presence of two unrelated types, suggesting that recurrences were presumably caused by different strains. The relapse isolate in patient 2 was shown to be different from the fist isolate only by RAPD analysis, suggesting that the same strain had undergone genetic changes.
- Table 2 summarises the DNA types of 35 clinical isolates of C. glabrata generated by the four typing methods used alone or in combination.
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Discussion
This study assessed the discriminatory abilities of four molecular typing methods directed at different targets of genomic DNA for typing clinical isolates of C. gla brata.
The data show that EK is the most discriminatory technique, yielding 25 distinct DNA types among the 35 strains studied. Pulsed-field gel electrophoresis analysis has been applied previously to DNA typing of clinical isolates of C. glabrata [2, [11] [12] [13] . The electrophoretic conditions in the present study yielded 10-11 chromosomes, similar to that reported previously, by others [ 131. It has been reported that in C. glabrata, as with many other fungi, there is great variability in the mobility of the chromosome carrying the rDNA (R chromosome) [ 161. Although in this study a DNA type was defined by considering all the bands, computer-assisted analysis of EK patterns of sequential isolates from a given patient revealed that the mobility of only one chromosome was not enough to generate two distinct DNA types.
Vazquez et al. found that RFLP analysis by EcoRI was almost as discriminatory as EK, yielding 14 DNA types among the 34 strains studied [ 131. In the present study, RFLP demonstrated very poor discriminatory ability in differentiating strains of C. glabrata; it was possible to discriminate only four DNA types. Although a computer-assisted analysis was performed, only a few bands were sharp and easily identifiable by EcoRI digestion. These data clearly indicate the limited usefulness of RFLP analysis for typing C. glabrata clinical isolates, unless multiple restriction enzymes are added.
Recently, PCR has been adapted to detect either interor intra-strain variations in eukaryotic unicellular micro-organisms [4, 9] . However, few data are available at present with regard to the utility of PCR-based techniques for DNA typing of strains of C. glabrata It has been suggested that the use of a combination of different molecular typing procedures may help to distinguish certain isolates from one another [ 171. The results of the present study suggest that, along with classic methods for DNA typing (such as karyotyping), a PCR-based technique can be considered for epidemiological investigations of infections due to C. glabrata. Interestingly, the combining of all four molecular typing methods did not discriminate fiu-ther than the simple EK/RAPD association.
The combination of the two PCR-based techniques yielded 31 DNA types, only one less than the combination of EK and RAPD. This finding is particularly encouraging, as PCR genotyping has the advantage of being the least labour intensive, the quickest and the most economical technique among the different typing procedures.
Finally, it is interesting to note that re-occuring isolates from HIV-positive patients tended to be more variable than those from HIV-negative subjects. The finding that AIDS patients can harbour different strains of C. albicans has often been reported, and related either to . . . Q   6  10  10  19  10  14  8  14  7  15  11  7  7  15  7  16  14  15  6  7  13  12  4  1  3  2  9  17  17  18  18  14  5  19  3  12   111   111   I11  I11  X  IV  I11  IV  V  XI  XIV  IV Table2. Number of unique DNA types among the 35 clinical isolates of C. glabrata generated by the four typing methods used alone or in combination In conclusion, four methods for DNA typing of clinical isolates of C. glabrata were compared. The findings indicate that EK is the most useful method for the investigation of inter-strain variations within this species of Candida. To achieve further strain discrimination, the addition of a PCR-based technique, such as RAPD, should be considered.
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